Plasma alkaline ribonuclease (RNase) was measured at birth and during infancy to assess its usefulness as an indicator of protein nutritional status. Cord blood enzyme activity did not indicate intra-uterine protein malnutrition in the less well-grown babies. Differences in enzyme activity were found which related to the quality of the dietary protein fed to both preterm and term light for gestational age babies. Higher activity on day 7 in those infants fed a predominantly curd protein formula suggested that this was less well utilised than a curd and whey protein formula. Serial enzyme measurements in four infants with metabolic disease showed how the enzyme activity altered in response to changes in the quantity of dietary protein. These results are critically discussed.
The potential use of biochemical measurements in the assessment of protein nutritional status has prompted considerable study. In areas of frank malnutrition the application of albumin,' transferrin , 2 and amino-acid:' measurements has met with some success. Their use, however, in more marginal conditions and in routine paediatric practice in this country has been minimal. Yet there remain a number of situations where concern is felt over the adequacy of nutrition: the infant with failure to thrive, the infant with a very low birthweight, and the infant on a modified diet.
During infancy biochemical indices such as those already mentioned are often difficult to interpret nutritionally. Albumin is influenced by fluid balance; transferrin by factors such as iron status, recent infection, and maturity of the infant;" amino acid levels are affected by recent diet and by growth.i' We have reported previouslya study of plasma alkaline RNase and its relationship to nitrogen retention and growth in infants." In this present report we have brought together some of our more recent data on this enzyme and have endeavoured to make a critical assessment of its potential usefulness. This work has added value in that precisely the same method of enzyme assay" was used throughout. We therefore report cord blood levels of activity in relation to intra-uterine growth, enzyme levels in infants related to maturity and the quality of dietary protein, and enzyme levels in infants given varying quantities of protein for their inherited metabolic disease.
Methods and results
Plasma alkaline RNase activity was measured using tRNA from baker's yeast as substrate in a method previously described." This has a between-batch coefficient of variation of 3·4% at a mean activity of 526 units/L. All anthropometric baby measurements were made by clinical and nursing staff of the Special Care Baby Unit (SCBU) at the Sorrento Maternity Hospital.
CORD PLASMA ALKALINE RNASE ACTIVITY Cord plasma was collected from 49 European and 36 Asian births. The gestational age of each baby was determined from mother's dates and confirmed by obstetrician's antenatal and paediatrician's postnatal assessment. Details of the babies are given in Table 1 .
The alkaline RNase results are also given in Table 1 ; there were no significant differences. The enzyme activity was therefore not elevated in the 'light for gestational age' (LGA) babies, i.e. those babies who had probably experienced some intra-uterine malnutrition with their growth failure.
PLASMA ALKALINE RNASE, INFANT MATURITY AND DIETARY PROTEIN QUALITY
Low birthweight babies in the care of the SCBU were being studied as part of a large project.
They were randomly allocated to one of two infant feeding formulas, the curd and whey formula based on Gold Cap SMA-S26 and the predominantly curd formula SMA (John Wyeth Ltd). Details of the formulas and the feeding schedule employed are given elsewhere;'} those of the babies are given in Table 2 . Blood was collected by heel prick on days I, 7, 11 and 21, 4 hours after the 06·IXJ h feed. Plasma alkaline RNase results are shown in Figure I . In both groups of babies fed the LGA) babies fed either a predominantly curd formula (0) or a curd and whey formula (e). The differences between mean enzyme activities in babies fed the two diets were only significant on day 7 in the term LGA group (r-test P«H)5): other significant differences arc shown (paired r-tcst ·P«Hl1. ·"·P«HXl1). weeks even this had to be discontinued and he was maintained on dextrose/saline or very low strength milk feeds. Only after transfer to the Hospital for Sick Children, Great Ormond Street, was diagnosis of xanthine oxidase and sulphite oxidase deficiencies made. Plasma alkaline RNase was initially above the upper reference limit but fell quickly probably related to a short period on full protein feed before day 18. From day 18 however the protein intake was drastically reduced and this resulted in a rise in enzyme activity. During this time weight gain was very slow.
Case 4 was preterm and weight 2·02 kg at birth, being the child of first cousin Indian parents. She remained fairly well for the first week but then deteriorated with periods of vomiting. On day 19 she became significantly acidotic and deteriorated such that by day 20 she was deeply unconscious and required ventilation. Urine screening showed an excess of propionic acid and enzyme studies confirmed a diagnosis of propionic acidaemia.
Plasma alkaline RNase rose quickly with the introduction of clear fluid and showed a gradual 1100 •
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Scott, Berger and Wharton predominantly curd formula there was an increase in enzyme activity from day 1 to day 7, after which it fell. The differences between the curd and curd and whey groups on day 7 was only significant in the term LOA babies. On day 11 in the preterm babies both curd, and curd and whey groups' enzyme activities were significantly higher than on day 21, but in the term LOA babies they were the same.
PLASMA ALKALINE RNASE AND DIETARY PROTEIN QUANTITY
We were able to study in detail four infants suffering from inherited metabolic disease (one undiagnosed, one with myotubular myopathy, one with combined xanthine oxidase and sulphite oxidase deficiency, and one with propionic acidaemia) all of which were maintained for a period on low protein intakes. The results are shown in Figure 2 . Case 1 was a full term baby, birthweight 2·60 kg, admitted to the SCBU with focal convulsions. These continued for the first 6 weeks of life, being initially difficult to control with anticonvulsant therapy. The baby was hypotonic and mildly acidotic. Though a metabolic defect was suspected this was not identified and the infant made a gradual recovery with moderate developmental delay.
The results show plasma alkaline RNase levels at the time of the protein-free diet (with energy maintained as carbohydrate) and with the gradual reintroduction of protein as Gold Cap SMA-S26. Within 4 days of commencing the protein-free diet the enzyme activity had risen above the upper limit of the reference range. It remained elevated until some 6 days after reinstatement of the full protein intake. At the same time, after a period of constant weight, the infant began to gain weight again.
Case 2 was a full term baby, birthweight 3·33 kg. He was extremely hypotonic and required resuscitation. Over the first days of life his condition deteriorated; he became apnoeic and required ventilation. No metabolic abnormality could be found and only at autopsy was a diagnosis of myotubular myopathy made. The plasma alkaline RNase levels were difficult to relate to the period of low protein intake in this infant whose weight remained constant.
Case 3, the baby of consanguinous Asian parents, weighed 2·52 kg at birth. Within 5 hours he had commenced generalised convulsions which were controlled with phenobarbitone. The infant did not feed and had to be tube fed. 
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Superimposed upon this are other effects such as that of nutritional status.
The measurement of cord plasma enzyme activity yielded no information about intrauterine protein nutrition. It may be concluded that neither Asian nor European LGA babies experienced intrauterine protein malnutrition. Reddy et al. 13 made a similar observation ?n alkaline RNase cord blood activity from babtes of mothers of low and high socioeconomic status. We have noted previously that cord plasma transferrin was normal in growthretarded babies."
During the first 3 weeks of life,. plas~a alkaline RNase activity tends to be higher m preterm than in term LGA babies. Although this trend was seen in the cord plasma results as well, it may have been encouraged by the particular feeding schedule used by the SeBU. This gave higher volumes of feed to the term LGA babies than to the preterm babies up to day 9. The term LGA babies therefore recei~ed a greater protein intake, the difference being greatest on day 6.
The most striking differences were those seen in the pattern of enzyme activity over the first 11 days. Enzyme levels rose over the first 7 days in infants fed the predominantly curd formula. This may be interpreted as showing poor utilisation of the curd protein by these infants; some support was provided by the finding of lower weight gain in the preterm curd-fed group [curd group -9·95 g/kg per 24 h (SD 5,43), curd and whey group -3·29 g/kg per 24 h (SD 3,77), P<O·Ol], although in the term LGA group there was no significant difference. These results demonstrate the sensitivity of plasma alkaline RNase measurements in the comparison of dietary differences in protein quality and, together with the case studies reported here, suggest a role when dietary manipulation is required, as in treatment of metabolic disease. Fomon has stated that in the latter situation comparison of protein chemical score will not necessarily predict the relative ad-. f t 14 equacy of proteins for the human m an . This enzyme measurement may offer a valuable addition .
Of the four cases reported here, one, the case of myotubular myopathy, gave atypical alkaline RNase results which were not readily explained. Such results must introduce a note of caution in the use of this enzyme for nutritional studies. The magnitude of the rise in enzyme activity above the upper limit of the referen~e range with complete removal of dietary protem Months Years At birth alkaline RNase activity in the plasma was higher than that of the well-nourished adult (321 to 632 units/L). We have shown that over the first postnatal months activity falls so that by the third year of life it is lower than that of the adult, after which time it increases again." The similarity between this pattern and the pattern of growth rate in infancy and childhood is striking (Fig. 4) . It is probable that the basal level of circulating alkaline RNase activity at any age is a function of growth at that age. fall as protein intake was increased. There was a negative correlation between enzyme activity and protein intake shown in Figure 3 . The enzyme levels only finally returned to normal when full milk feeds were resumed. was smaller than might have been expected. It is obvious, however, that changes in activity occur very much faster than the 100 days suggested by the original work by Albanese et al. III With change in nutrition, the change in alkaline RNase activity takes something approaching a week. It is possible to establish a trend in less time.
We envisage that the greatest potential for this enzyme assay is the monitoring of individual patients, and in the comparison of different dietary regimes. The way is open for further studies using this enzyme which is comparatively easy to measure and requires only small quantities of plasma. In all such work it is vital to have appropriate age-related reference values. We do not suggest that alkaline RNase measurement will replace accurately determined anthropometric data and careful clinical assessment, but it may provide a valuable addition.
